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SPECIATION BYANEUPLOIDYANDPOLYPLOIDYIN MIMULUS
(SCROPHULARIACEAE)^
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Speciation by aneuploid and polyploid

changes in chromosome numbers is so common
in flowering plants as to be almost a character-

istic of the angiosperms. Elegant examples of

these patterns of evolution are exhibited by

monkey flowers of the genus Mimiihis (Scro-

phulariaceae).

The genus Mimulus contains some 150

species occurring in western North and South

America with a few outlying species in eastern

North America, Japan, Vietnam, the Himalayas,

NewZealand, Australia, and South Africa. The
center of diversity is California, with a second-

ary center in Chile. Some species are annuals of

deserts, grasslands, or forests; some are biennials

of marshy places; some are herbaceous peren-

nials from springs, streamsides, or lake-shore

habitats; and others are woody shrubs of the

dry California chapanal. The species fonii clus-

ters reflecting these various life forms. There

are 8-10 such clusters commonly recognized

as sections of the genus Mimuhis (Crant 1924,

Fennell 1951, Chuang and Heckard personal

communication).

Chromosome numbers of over 50 species

(Table 1), that is, approximately one-third of

the Mimulus species, have been ascertained

by Vickery and his co-workers (Vickeiy 1978,

Vickery, Chu et al. 1981, Vicken, Simpson et al.

1981, Vickery et al. 1982, 1985,' 1986, 1990, un-

published) and by Chuang and Heckard (per-

sonal communication). Chromosome numbers
reveal intriguing patterns of evolution by aneu-

ploidy and polyploidy.

First, let us consider the base chromosome
numbers of the eight main sections of the

genus. Section Munulastrutn has a ])ase num-
ber of X = 7; Eunanus and Erytliranthe have

base numbers of x = 8; Paradanthus 8, 9, 10;

Eumimulus 8, 11, 12; Oenoe 9; DipJacus 10;

and Simiolus 14, 15, 16, 30. Base numbers of

the sections suggest extensive evolution by
both aneuploidy and poKploidv'. For the genus

as a whole, the base number appears to be x =

8, inasmuch as the other plausible base num-
ber, X = 7, is found only in one, apparently de-

rived, desert species, M. moJuiven.sis Lemmon
(Table 1).

Next, let us consider the chromosome num-
bers by individual species. All species counted

thus far are the same in each of several sections,

specifically, in Mitnulastrum, Erythranthe,

Oenoe, and Diplacus. The other sections are

polymorphic for their species' chromosome
numbers and frequently exhibit speciation by

aneuploidy and/or polyploidy, often in com-
plex combinations. For example, the various

species of section Eumimulus exhibit n = 8,

11, and 12; species of section Eunanus exhibit

n = 8, 10, and 16; species of section Paradan-

thus exhibit n = 8, 9, 16, 17, 18, and 30; and

species of section Simiolus exhibit n = 13, 14,

15, 16, 24, 28, 30, 31, 32, 46, and 48 (Table 1).

Section Simiolus, which shows by far the

most speciation by aneuploidy and/or poly-

ploidy of all sections of the genus, consists of

six species groups, that is, complexes of related

species and varieties. First is the M. guttatus

complex, centered in California; it has as its

base number x = 14, with aneuploid forms at

n = 13 and n = 15 (Table 1), as well as tetra-

ploid forms with n = 28. Second is the alpine

(western United States) M. tdingii complex

with its base number of x = 14 and aneuploid

forms at n = 15, /] = 16, and an unusual pol> -

ploid form at n = 24. The third species group

is the M. dentilobus complex of southwestern

United States and northwestern Mexico with

its base number of x = 16 and an aneuploid

form at n = 15. Fourth is the M. luteus complex
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T\BLE 1. Chromosome mmibers in tlie genus Miimihis li\'

sections (counts by Chuang and Heckard and 1)\' Vicken

and co-workers; see text for references).

Taxon n =

Mimiilastrum Gray (.v = 7)

M. mohavensis Lemnion 7

Eumiimilus Gray {x = 8, 11, 12)

M. alatus Aiton 11

M. gracilis R. Br 8

M. ringens L. 8, 12

Eunanus Gray (.r = 8)

M. bolanderi Gray 8

M. layneae (Greene) Jepson 8

M. brevipes Bentham 8

M. cusickii (Greene) Piper 8

M. nanus Hook. & Arn. 8

M. torreyi Gray 10

M. biglorii Gra\ 16

Paradantlms Grant (.v = 8, 9, 10)

M. bicolor Haitweg ex Bentham 8

M. filicaulis Watson 8

M. breweri (Greene) Coville 16

M. floribundus Douglas 16

M. moschattis Douglas 16

M. laiidens (Gray) Greene 16

M. arenarius Grant 16

M. primidoides Rydb. 9, 17, 18

M. repens R. Br 10

M. nepalensis Bentham 16, .30

Enjtbrandw Greene {x = 8)

M. cardinally Douglas 8

M. eastwoodiae Rydb. 8

M. lewisii Pursh 8

M. nelsonii Grant 8

M. ntpestrh Greene 8

M. verbenaceits Greene 8

Oenoe Gray (x = 9)
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and intcrvarictal hybrids are particular!)'

prone to do so. This suggests to me that natur-

al hybridization probably plays a significant

role in evolution in monkey flowers. Finding

occasional plants in various populations with

aneuploid chromosome numbers indicates

that aneuploid gametes not only are produced,

but actually function. Third, of 95 cells exam-

ined in Anaphase II, 22 were polyploid and

could presumably lead to polyploid gametes.

Thus, we see significant numbers of the veiy

cytological abnormalities in the basic diploid

varieties that could lead to evolution by aneu-

ploidy and polyploidy, that is, to the veiy pat-

terns of evolution that we actually see in the

M. glabratus complex.
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